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Introduction {#aos14239-sec-0005}
============

The era of intravitreal treatment of neovascular age‐related macular degeneration (nAMD) has opened up to new medical and socioeconomic challenges. The difficulty is to balance the financial burden with patient benefits such as visual gain. The global prevalence of AMD is expected to rise to 288 million by 2040, which forces the question of when, who and how to treat this group of patients (Wong et al. [2014](#aos14239-bib-0021){ref-type="ref"}). In clinical practice, three different drugs are administered to treat nAMD. But only two, ranibizumab (Lucentis^®^; Genentech) and aflibercept (Eylea^®^; Bayer Pharma AG), are officially approved by the European Medicines Agency (EMA) and the U.S. Food and Drug Administration (FDA). Bevacizumab (Avastin^®^; Genentech) is used worldwide as an off‐label drug. Monthly dosing as in the pivotal studies ANCHOR and MARINA with ranibizumab (Rosenfeld et al. [2006](#aos14239-bib-0016){ref-type="ref"}; Brown et al. [2009](#aos14239-bib-0003){ref-type="ref"}) is hardly manageable in a clinical setting. It has resulted in the development of different regimens such as pro re nata, treat and extend, observe and plan to conquer the amount of injections, and clinical visits. Many attempts have been made to define the predictors for the best visual treatment outcome and to identify patients in need of more or less frequent injection intervals. Several studies have identified baseline visual acuity (VA), lesion size and age as baseline predictors for the future visual outcome (Finger et al. [2014](#aos14239-bib-0006){ref-type="ref"}; Lövestam Adrian et al. [2019](#aos14239-bib-0012){ref-type="ref"}). Real‐world data have shown the importance of continuous treatment to achieve and maintain the visual gain (Holz et al. [2015](#aos14239-bib-0010){ref-type="ref"}). Despite all efforts, undertreatment is still a widespread problem.

However, even if treated on a regular basis, some patients lose vision for example due to fibrosis or macular atrophy. During a two‐year period of treatment, CATT study patients developed macular atrophy in 18.3% of patients (Grunwald et al. [2014](#aos14239-bib-0009){ref-type="ref"}).

In Sweden, we have a nationwide database of patients treated for nAMD, the Swedish Macula Registry (SMR) (Svenska Makula Registret [2018](#aos14239-bib-0018){ref-type="ref"}). Today, this Registry covers 84% of all patients treated for nAMD (Westborg et al. [2017](#aos14239-bib-0019){ref-type="ref"}).

The purpose of the present study was to analyse patient data from the registry to describe a subgroup of patients with vision loss during a two‐year follow‐up and possibly define characteristics to predict visual loss below the treatment criteria. We evaluated possible differences of baseline characteristics, number of injections and choice of drug to explore visual decline during a two‐year period with information collected from the SMR.

Methods {#aos14239-sec-0006}
=======

Population {#aos14239-sec-0007}
----------

Practicing ophthalmologists at 39 Swedish clinics enter the patient data into the Swedish Macula Registry when they decide to start intravitreal treatment for newly diagnosed neovascular AMD. Patient consent is obtained before entering data into the registry. Since 2008, the Swedish Macula Registry is a web‐based registry including patient data from 2007 onwards. It covers 84% of all patients in Sweden treated for nAMD. This study evaluates treatment‐naïve patients who were registered during the period from 1 January 2013, to 31 December 2014. The follow‐up period is 2 years. The study protocol was approved by the institutional review board in Lund and conducted in conformity with the Helsinki Declaration.

The baseline visit was the first visit at which wet AMD was diagnosed and treatment was prescribed. Data were obtained on patients' sex, age, presenting symptoms (self‐reported symptoms connected to wet AMD that caused the patient to consult an ophthalmologist, that is metamorphopsia, reduced VA, problems with reading), macular lesion type and location, visual acuity (VA) of the treated eye measured with the Snellen and/or ETDRS charts, best‐ or worse‐seeing eye treated, total number of received injections. Where only VA had been measured using the Snellen chart, it was converted into ETDRS VA, according to Gregori et al. [2010](#aos14239-bib-0008){ref-type="ref"}. ETDRS VA was originally registered in around 80% of the visits at baseline and in 87% at 1‐year follow‐up. Visual acuity of hand movements and amaurosis were converted into ETDRS 0.001. The baseline characteristics described were included in a logistic regression analysis to predict the outcome of low VA within 2 years follow‐up.

Statistical analysis {#aos14239-sec-0008}
--------------------

Baseline characteristics and study outcomes were summarized for all eyes. Data were described using mean, median, 1st and 3rd quartile, standard deviation and range for continuous variables, and frequency counts and percentages for categorical variables. Comparisons between two groups for VA were based on Student\'s t‐test. Wilcoxon rank sum test was used when nonparametric values were analysed. Analysis of variance (ANOVA) was used to compare the number of injections between outcome groups' gain in vision, and if statistically significant, pairwise comparisons between the groups were made using Student\'s t‐test. Associations between VA outcome and age, sex, membrane type and location, best‐ or worse‐seeing eye, symptom duration, baseline VA and number of injections were evaluated using logistic regression analysis. Statistical significance was assumed at the p‐value \< 0.05 level.

Results {#aos14239-sec-0009}
=======

Baseline characteristics {#aos14239-sec-0010}
------------------------

We included a total of 6142 treatment‐naïve eyes at baseline, from the Swedish Macula Registry. The focus was on a subgroup of 780 eyes (12.7%) of 774 patients (in six patients both eyes were included) with a visual impairment to Snellen visual acuity (VA) ≤ 0.1 or ≤ 35 letters of the Early Treatment Diabetic Retinopathy Study (ETDRS) during the two‐year follow‐up. In the group with a retained VA of \> 35 letters during the follow‐up period, the mean age was 78.7 ± 8.1 years, compared to 80.5 ± 6.8 years in the subgroup ≤ 35 letters; p \< 0.0001. The sex distribution was similar, with 66% and 64% females, respectively; p = 0.8 (Table [1](#aos14239-tbl-0001){ref-type="table"}).

###### 

Baseline characteristics and choice of drug of the group with final visual acuity (VA) \> 35 letters compared with the group with final VA ≤ 35 letters

  Baseline characteristics                Both groups       Final VA \> 35 letters   Final VA ≤ 35 letters   p
  --------------------------------------- ----------------- ------------------------ ----------------------- ----------
  No. of eyes                             6142              5362                     780                      
  Sex (%)                                                                                                    
  Female                                  65                66                       64                      0.8
  Mean age, years (SD)                    78.9 (7.9)        78.7 (8.1)               80.5 (6.8)              \<0.0001
  Mean BCVA letters (SD)                  57.5 (15.3)       58.1 (15.8)              53.5 (10.6)             \<0.0001
  Best‐/worse‐seeing eye, n (%)                                                                              
  Worse‐seeing eye                        3194 (52)         2735 (51)                445 (57)                0.007
  Lesion type, n (%)                                                                                         
  Minimally classic                       477 (8)           420 (8)                  57 (7)                  0.24
  Predominantly classic                   1292 (21)         1113 (21)                179 (23)                
  Occult                                  2127 (35)         1882 (35)                245 (31)                
  PCV                                     178 (3)           154 (3)                  24 (3)                  
  RAP                                     849 (14)          755 (14)                 94 (12)                 
  Unknown                                 1219 (20)         1038 (19)                181 (24)                
  Mean lesion size, n (% of total eyes)   2245 (37)         1964 (37)                281 (36)                 
  Mean lesion size, μm (SD)               2485.5 (1704.7)   2439.7 (1637.3)          2805.5 (2092.7)         0.005
  Lesion location, n (%)                                                                                     0.001
  Subfoveal                               3525 (57)         3050 (57)                475 (61)                0.034
  Juxtafoveal                             1289 (21)         1150 (21)                139 (18)                0.02
  Extrafoveal                             372 (6)           342 (6)                  30 (4)                  0.006
  Unknown                                 956 (16)          820 (16)                 136 (17)                0.123
  Symptom duration, n (%)                                                                                    
  0 -- \<2 months                         2551 (42)         2237 (42)                314 (40)                0.84
  2 -- \<4 months                         1488 (24)         1290 (24)                198 (25)                
  4--6 months                             906 (15)          790 (15)                 116 (15)                
  \>6 months                              1197 (19)         1045 (19)                152 (19)                
  Choice of drug, n (%)                                                                                      
  Bevacizumab                             1328 (22)         1120 (21)                208 (27)                0.0002
  Bevacizumab/ Ranibizumab                99 (2)            93 (2)                   6 (1)                   0.046
  Aflibercept                             1911 (31)         1690 (32)                221 (28)                0.073
  Aflibercept/ Bevacizumab                367 (6)           334 (6)                  33 (4)                  0.028
  Aflibercept/ Bevacizumab/Ranibizumab    32 (1)            31 (1)                   1 (0)                   0.103
  Aflibercept/ Ranibizumab                949 (15)          853 (16)                 96 (12)                 0.009
  Ranibizumab                             1456 (24)         1241 (23)                215 (28)                0.007

PCV, polypoidal choroidal vasculopathy; RAP, retinal angiomatous proliferation.
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Angiographic lesion {#aos14239-sec-0011}
-------------------

### Lesion type {#aos14239-sec-0012}

In 80% of all cases (*n *= 4923) eyes presented with an angiographic lesion classification in the registry at baseline; minimally classic in 8%, predominantly classic in 21%, 100% occult in 34%, polypoidal choroidal vasculopathy in 3% and retinal angiomatous proliferation in 14%.

In the group with a final VA of \> 35 letters, 81% (*n *= 4324) of the eyes had a registered angiographic lesion type with a corresponding lesion percentage compared to all cases above.

In the group with a final VA of ≤ 35 letters, 76% (*n *= 599) had a known lesion; minimally classic in 7%, predominantly classic in 23%, 100% occult in 31%, polypoidal choroidal vasculopathy in 3% and retinal angiomatous proliferation in 12%. There was no difference regarding lesion types between the two visual outcome groups.

### Lesion location {#aos14239-sec-0013}

The Swedish Macula Registry complementary reported the location of lesions related to the fovea. The subgroup with a final VA of \> 35 letters showed the following distribution; subfoveal in 57%, juxtafoveal in 21%, extrafoveal in 6%, unknown in 16% compared to the remaining group with worse VA outcome with a subfoveal lesion in 61%, juxtafoveal in 18%, extrafoveal in 4% and unknown in 17%.

The known lesion types location differed significantly; p = 0.001, between the two VA outcome subgroups.

### Lesion size {#aos14239-sec-0014}

In the group with a final VA of \> 35 letters, the lesion size was 2439.7 ± 1637.3 μm in diameter, compared to 2805.5 ± 2092.7 μm in the group with a final VA of ≤ 35 letters; p = 0.005. For the two subgroups, information about lesion size was available in 37% (*n *= 1964), and 36% (*n *= 281) of eyes, respectively.

Symptom duration {#aos14239-sec-0015}
----------------

The total group of 6142 eyes showed similar values of symptom duration before first contact with the healthcare system.

Eyes with a final VA of \> 35 letters observed symptoms for 0‐ \<2 months in 42% (*n *= 2237), 2‐ \<4 months in 24% (*n *= 1290), 4--6 months in 15% (*n *= 790), \> 6 months in 19% (*n *= 1045) prior to the clinical baseline visit. Eyes with final a VA of ≤ 35 letters experienced symptoms for 0‐ \<2 months in 40% (*n *= 314), 2‐ \<4 months in 25% (*n *= 198), 4--6 months in 15% (*n *= 116), and \> 6 months in 19% (*n *= 152). The symptom duration between the two groups revealed no significant difference; p = 0.84.

Best‐ or worse‐seeing eye {#aos14239-sec-0016}
-------------------------

Overall, in 52% the worse‐seeing eye was treated. It was more common that the worse‐seeing eye was treated in eyes that decreased to ≤ 35 letters (57%) than in eyes with final VA \> 35 letters (51%); p = 0.007 (Table [1](#aos14239-tbl-0001){ref-type="table"}).

A logistic regression analysis including baseline VA, best‐ or worse‐seeing eye, age, membrane size, membrane location, symptom duration showed VA; p = \< 0.0001, best‐ or worse‐seeing eye; p = 0.026, age; p = \< 0.0001 and membrane size; p = 0.002 to predict a decline of VA within 2 years.

### Mean change in visual acuity {#aos14239-sec-0017}

Among the better‐seeing group, VA increased from 58.1 ± 15.8 letters at baseline to 60.9 ± 17.4 letters at 2 years. Whereas in the group with a worse final VA, vision decreased from 53.5 ± 10.6 to 25.4 ± 12.6 letters.

Of all 1469 eyes that presented with a VA of ≥ 70 letters at baseline, 4% (*n *= 61) decreased to ≤ 35 letters. Eyes with a baseline VA of 36--69 letters (*n *= 4076), 17% (*n *= 713) dropped to ≤ 35 letters. In the group with a baseline at VA ≤ 35 letters, (*n *= 597), 1% (*n *= 6) did not improve.

The mean time to a decrease of VA to ≤ 35 letters was 10.0 ± 6.8 months.

### Injections {#aos14239-sec-0018}

Overall, eyes were treated with a mean of 8.4 ± 5.3 injections over the 2 years. The mean number of injections in the group with a final VA of \> 35 letters vision compared to the group with a final VA of ≤ 35 letters was 8.7 ± 5.4 vs. 6.2 ± 3.8 at 2 years; p \< 0.00001.

By the end of year one, eyes with a final VA of \> 35 letters had received 5.6 ± 2.6 vs 4.9 ± 2.1 injections in the group with a final VA of ≤ 35 letters; during the second year 3.1 ± 3.3 vs. 1.3 ± 2.2 injections. Eyes with a final VA of ≤ 35 letters were treated with a mean of 5.0 ± 3.0 injections until they dropped to a VA of ≤ 35 letters; followed by a mean of 1.2 ± 2.2 injections until the end of the two‐year follow‐up.

### Choice of drug {#aos14239-sec-0019}

In the total group of all eyes, 31% (*n *= 1911) received aflibercept, 24% (*n *= 1456) ranibizumab and 22% (*n *= 1328) bevacizumab; the remaining eyes were treated with a combination of two or three drugs named above. When we look at the total number of injections until a VA of ≤ 35 letters stratified by choice of anti‐VEGF, the mean number of injections is aflibercept 4.9 ± 3, ranibizumab 4.3 ± 2.5 and bevacizumab 4.8 ± 3 (Fig. [1](#aos14239-fig-0001){ref-type="fig"}).

![Total number of injections until VA ≤ 35 letters stratified by choice of anti‐VEGF.](AOS-98-274-g001){#aos14239-fig-0001}

In the group ending up with better final VA of \> 35 letters, 32% (*n *= 1690) of eyes received aflibercept, 23% (*n *= 1241) ranibizumab, 21% (*n *= 1120) bevacizumab and the remaining 24% (*n *= 1311) of eyes were treated with two or three different drugs during follow‐up.

The subgroup with a final VA of ≤ 35 letters presented with 28% (*n *= 221) of eyes treated with aflibercept, 28% (*n *= 215) ranibizumab, 27% (*n *= 208) bevacizumab and the remaining 17% (*n *= 136) of eyes received injections with two or three different drugs. In this cohort, monotherapy from baseline with bevacizumab; p = 0.0002, and ranibizumab; p = 0.007, was significantly preferred compared to the group with final VA \> 35 letters (Table [1](#aos14239-tbl-0001){ref-type="table"}).

Discussion {#aos14239-sec-0020}
==========

In the present study, we could show that almost 13% of the eyes followed for 2 years in the study declined to a VA of ≤ 35 letters, which is often regarded as the lower limit for continuing anti‐VEGF treatment. This figure is in agreement with (Kuroda et al. [2018](#aos14239-bib-0011){ref-type="ref"}), but lower than in the CATT study (Martin et al. [2011](#aos14239-bib-0013){ref-type="ref"}). The decline in VA was pronounced in the group with a final VA of ≤ 35 letters, with a drop of 28 letters, and we identified baseline VA, age, membrane size and worse‐seeing eye treated as baseline characteristics that significantly influenced visual decline to ≤ 35 letters during the two‐year follow‐up.

Further analysis of baseline VA showed that only 4% of patients with a baseline VA of ≥ 70 letters, compared to 17% with a baseline VA of 36--69 letters, ended up with a final VA of ≤ 35.

Treatment of the worse‐seeing eye was also predictive of a worse visual outcome. This is probably due to the fact that the patient is seeking with earlier symptoms when the better eye is affected.

The group with a VA outcome of \> 35 letters increased from 58.1 ± 15.8 letters at baseline to 60.9 ± 17.4 letters at 2 years. These results are worse than in the controlled clinical trials (Brown et al. [2009](#aos14239-bib-0003){ref-type="ref"}; Schmidt‐Erfurth et al. [2014](#aos14239-bib-0017){ref-type="ref"}) and some real‐world studies (Barthelmes et al. [2018](#aos14239-bib-0001){ref-type="ref"}) but in agreement with others (Wolf & Kampik [2013](#aos14239-bib-0020){ref-type="ref"}; Holz et al. [2015](#aos14239-bib-0010){ref-type="ref"}).

Eyes with final VA of \> 35 letters received more injections over the two‐year period compared to the group with a final VA of ≤ 35 letters, 8.7 ± 5.4 vs. 6.2 ± 3.8. Still, both groups are undertreated considering other real‐life studies (Gillies et al. [2015](#aos14239-bib-0007){ref-type="ref"}; Holz et al. [2015](#aos14239-bib-0010){ref-type="ref"}). In clinical practice, a level of 35 letters is often considered as the lower anti‐VEGF treatment limit. In spite of this, the present study showed that the group with a final VA of ≤ 35 letters received a mean of one more injection after the drop below this level. However, recent studies from the Swedish macular register, INSIGHT study, (Lövestam Adrian et al. [2019](#aos14239-bib-0012){ref-type="ref"}) have demonstrated that patients with baseline at VA ≤ 35 letters gained 13 letters after the two‐year follow‐up. Thus, it could make sense to try continuing treatment for a while even when vision is low, and in the present study, only a small group of 6 eyes with a baseline VA of ≤ 35 letters did not improve.

When analysing risk factors for a less favourable outcome we found, in agreement with previous studies, that eyes of patients with a final VA of ≤ 35 letters were older than patients with a final VA of \> 35 letters (Nguyen et al. [2019](#aos14239-bib-0014){ref-type="ref"}). Despite our expectations, we did not see a difference in symptom duration before the first clinical visit between the group with a final VA of \> 35 letters and the one with a final VA of ≤ 35 letters. Other authors pointed out the importance of the short time between diagnosis and treatment (Rasmussen et al. [2015](#aos14239-bib-0015){ref-type="ref"}).

When analysing the variable for different macular lesion types, we did not see a difference in lesion type between the group with a final VA outcome of \> 35 letters and the group with an outcome of ≤ 35 letters. Previous studies reported better visual outcomes for patients with occult lesions and absence of retinal angiomatous proliferation lesions (Grunwald et al. [2014](#aos14239-bib-0009){ref-type="ref"}). The discrepancy to our study might be due to the fact that around 25% of the registered eyes did not have this parameter registered.

The lesion size was larger in the group that ended up with a final VA of ≤ 35 letters than the group with a final VA of \> 35 letters. That is consistent with a former study (Brown et al. [2013](#aos14239-bib-0004){ref-type="ref"}). In the SMR, the diameter of the lesion size was measured in μm as in another database, the international Fight Retinal Blindness registry, (Nguyen et al. [2019](#aos14239-bib-0014){ref-type="ref"}). The overall median baseline lesion size of 2235 μm (1300--3340) (Q1‐Q3) in our study was almost identical compared to a study from the FRB with an overall median baseline lesion size of 2250 μm (1439--3200). Their group assessed the early response to intravitreal anti‐VEGF treatment and its association with a three‐year VA outcome in patients with treatment‐naïve nAMD. Other studies used disc areas or mm² to describe the lesion size (Busbee et al. [2013](#aos14239-bib-0005){ref-type="ref"}; Berg et al. [2016](#aos14239-bib-0002){ref-type="ref"}).

We could not identify any association between the choice of drug and visual outcome above or ≤ 35 letters. However, we discovered that eyes were preferably treated with bevacizumab and ranibizumab monotherapy in the group with final VA ≤ 35 letters.

As expected, there are limitations in our study. Unfortunately, optical coherence tomography (OCT) values such as central retinal thickness or morphology are not available parameters in the SMR. Thus, we have not been able to evaluate the influence of variables as intra‐ and subretinal fluid or atrophic changes on treatment outcome. However, the strength of our analysis is that the SMR covers 84% of all treated patients for nAMD in Sweden. This leads to a representative, large group of 6142 patients.

In conclusion: About 12.7% of all eyes presented with a final VA of ≤ 35 letters at two‐year follow‐up. These were older, more often treated in the worse‐seeing eye, had lower baseline VA, larger lesions and received fewer injections than eyes of patients with a final VA of \> 35 letters.
